Evaluation of apoptosis markers in different cell lines infected with equine arteritis virus by Metz, Germán Ernesto et al.
Evaluation of apoptosis markers in different cell lines infected with equine
arteritis virus
GE Metz , MA Abeyá, MS Serena, CJ Panei, and MG Echeverría
Department of Virology, Faculty of Veterinary Sciences, National University of La Plata, La Plata, Argentina
AQ1
ABSTRACT
5 Equine arteritis virus (EAV) induces apoptosis in infected cells. Cell death caused by EAV has been
studied mainly using three cell lines, BHK-21, RK-13 and Vero cells. The mechanism of apoptosis
varies among cell lines and results cannot be correlated owing to differences in EAV strains used.
We evaluated different markers for apoptosis in BHK-21, RK-13 and Vero cell lines using the
Bucyrus EAV reference strain. Acridine orange/ethidium bromide staining revealed morphological
10 changes in infected cells, while flow cytometry indicated the extent of apoptosis. We also
observed DNA fragmentation, but the DNA ladder was detected at different times post-infection
depending on the cell line, i.e., 48, 72 and 96 h post-infection in RK-13, Vero and BHK-21 cells,
respectively. Measurement of viral titers obtained with each cell line indicated that apoptosis
causes interference with viral replication and therefore decreased viral titers. As an unequivocal
15 marker of apoptosis, we measured the expression of caspase-3 and caspases-8 and −9 as extrinsic
and intrinsic markers of apoptosis pathways, respectively. Caspase-8 in BHK-21 cells was the only
protease that was not detected at any of the times assayed. We found that Bucyrus EAV strain
exhibited a distinctive apoptosis pathway depending on the cell line.
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20 The order, Nidovirales, comprises the families,
Arteriviridae, Coronaviridae, Mesoniviridae and
Roniviridae (de Groot et al. 2012; Lauber et al. 2012).
Equine arteritis virus (EAV) is the prototype member of
the family Arteriviridae. It is a member of the new genus,
25 Equarterivirus (Kuhn et al. 2016), and four other genera,
Diparterivirus, Nesarterivirus, Porarterivirus and
Simarterivirus) include the porcine reproductive and
respiratory syndrome virus (PRRSV), simian hemorrha-
gic fever virus (SHFV), lactate dehydrogenase-elevating
30 virus (LDV), the recently recognized wobbly possum
disease virus (WPDV) and eleven simian arteriviruses
(Dunowska et al. 2012; Snijder et al. 2013). EAV is a
small enveloped virus with a 12.7 kb positive-sense sin-
gle stranded RNA genome that includes ten functional
35 open reading frames (Snijder and Meulenberg 1998).
Apoptosis is the mechanism by which cells undergo
systematic self-destruction in response to a variety of sti-
muli including viral infection. This mechanism could limit
the time and the cellular machinery available for virus
40 replication. Therefore, some viruses have evolved mechan-
isms to evade cellular apoptosis to establish and maintain
viral persistence, whereas other viruses promote apoptosis
and benefit from cell death (Nakamura-López et al. 2011).
Morphological and molecular features participate in apop-
45tosis. Cell shrinkage, membrane blebbing, chromatin clea-
vage, nuclear condensation and formation of pyknotic
bodies of condensed chromatin are themain characteristics
of apoptosis of cultured cells (Häcker 2000).
DNA fragmentation, which is induced by apoptotic
50stimuli such as viral infections, is a characteristic of apop-
tosis. Apoptosis is highly regulated and controlled by the
family of cysteinyl aspartate-specific proteases (caspases)
(Kitazumi and Tsukahara 2011). AQ4Caspases catalyze key
steps in apoptosis by cleaving several effectors of the
55mechanism.Onemolecular feature that characterizes apop-
tosis is the activation of executioner caspase-3. Activation of
caspase-9 is an indicator of the intrinsic mechanism of
apoptosis, whereas activation of capase-8 characterizes the
extrinsic mechanism of apoptosis (Elmore 2007).
60Infection of different cell lines with EAV causes activa-
tion of apoptosis. Infection of African green monkey kid-
ney cells (Vero) with EAV induces apoptosis after 24 h
(Archambault and St-Laurent 2000), whichwas initiated by
caspase-8 and caspase-9 activation (St-Louis and
65Archambault 2007). EAV infection in rabbit kidney cells
(RK-13) also activates both caspases (Metz et al. 2016),
whereas in baby hamster kidney cells (BHK-21), EAV
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infections induce only caspase-9 activation (Cholleti et al.
2013). All these results indicated apoptosis induction in
70 diverse cell line using different EAV strains.
Control of apoptosis is affected significantly by EAV.
Differential induction of apoptosis has been observed
in reovirus (Tyler et al. 1995; Rodgers et al. 1997),
Theiler´s murine encephalomyelitis virus (Jelachich
75 et al. 1996) and influenza virus (Price et al. 1997). On
the other hand, only the attenuated and nonpathogenic
strain of rabies virus induces caspase-dependent apop-
tosis in human cells (Préhaud et al. 2003).
Different viral strains have been used to study EAV
80 induced apoptosis: EAV pathogenic (SP3A and Bucyrus)
and nonpathogenic (T1329 and Arvac) strains
(Archambault and St-Laurent 2000; St-Louis and
Archambault 2007; Cholleti et al. 2013). Owing to the
different cell lines used by these investigators, results are
85 difficult to interpret and it is difficult to draw clear conclu-
sions. Therefore, we investigated morphological and bio-
chemical features of apoptosis using the reference and
pathogenic EAV strain, and BHK-21, RK-13 and Vero
cell lines.
90 Material and methods
Cell lines and virus strain
We investigated three cell lines: BHK-21, RK-13 and Vero
cells (ABAC, Argentine Cell Bank Association Buenos
Aires, Argentina). All cell lines were grown in minimum
95 essential medium (MEM) (Gibco, Invitrogen, Carlsbad,
CA), supplemented with 2 mM glutamine (Gibco,
Invitrogen), 100 IU/ml penicillin and 10% fetal calf serum
(FCS) that was reduced to 2% for cell maintenance. An
80% confluent cell monolayer was used for all experiments.
100 The EAV Bucyrus strain (PubMed Reference:
DQ846750) was titered using the end point dilution
assay for each cell line and used at a multiplicity of
infection (MOI) of five for all assays. EAV infected cells
were incubated at 37 °C in a 5% CO2 incubator and
105 samples were taken from 24 to 96 h post-infection
depending on the experiment.
Morphological study of apoptotic cells using
acridine orange (AO)/ethidium bromide (EB)
staining
110 Coverslips, 18 × 18 mm, were placed in a 3.5 cm diameter
petri dish, seeded with 106 cells of each cell line culture
and infected with the EAV Bucyrus strain at MOI 5.
Infected cells were incubated as described above, then
each coverslip was washed with phosphate-buffered saline
115 (PBS) and stained with AO/EB (Sigma Aldrich, St. Louis,
MO) (Kasibhatla et al. 2006). Uninfected culture cell
monolayers were used as negative controls and cultures
where apoptosis was induced using 1 µg/ml staurosporine
(Santa Cruz Biotechnology, Santa Cruz, CA) were used as
120positive controls. All tests were performed in duplicate.
A 1:10 dilution of a solution of 100 mg/ml AO and
100 mg/ml EB in PBS was added to each coverslip for
2 min, then the solution was removed and coverslips were
mounted on a clean microscope slide and examined by
125fluorescence microscopy (Model BHS; Olympus System
Microscope, Bio Analítica, Buenos Aires, Argentina).
Apoptosis detection using annexin V and propidium
iodide (PI) by flow cytometry
A monolayer of each cell line grown in 6-well plates at
13080% confluence was infected and incubated as described
above. Positive and negative controls were as described
above. Both floating and trypsinized adherent cells were
washed with PBS and collected by centrifugation at 250 x
g for 5 min. All cells were re-suspended in 200 μl Annexin
135V-binding buffer containing PI (Sigma Aldrich), 10 μg/ml
and 10 μl FITC-Annexin V/ml (Immuno Tools,
Friesoythe, Germany). After incubation in the dark for
10 min, fluorescence signals of FITC-Annexin V and PI
were detected using a fluorescence activated cell sorter
140(FACScan, Instituto de Estudios Inmunológicos y
Fisiopatológicos, FCE-UNLP-CONICET). Cell debris
was excluded from analysis using the conventional scatter
gating method. For each sample, 10,000 events were ana-
lyzed using the FlowJo software system.
145DNA fragmentation in EAV infected cell cultures
A monolayer of each cell line grown in T-25 cell culture
flasks at 80% confluence was infected with the EAV
Bucyrus strain at MOI 5. The appearance of cytopathol-
ogy and the concomitant lysis of cells were manifested
150at different hours post-infection (hpi) depending on the
cell line used. Uninfected culture cell monolayers were
used as negative controls.
DNA was extracted from all samples using the phenol/
chloroform protocol. Briefly, cell pellets were washed and
155suspended in TEN buffer (100 mM Tris-HCl, pH 7.5;
150 mM NaCl; 12 mM EDTA, pH 8.0; and 1% SDS).
Then 0.2 mg/ml proteinase K was added and incubated
at 50 °C for 4 h. The lysate was extracted once with TE
buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0),
160saturated phenol, and once with 25:24:1 phenol:chloro-
form:isoamyl alcohol. Finally, total DNA was precipitated
with two volumes of 99% ethanol, rinsed twice with 70%
ethanol, dried and dissolved in 40 μl sterilized distilled
water. Samples were run in a 1% agarose gel with a 100
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165 bp ladder (Promega, Madison, WI) and stained with ethi-
dium bromide to visualize DNA fragmentation.
Virus quantification
Briefly, samples from EAV infected cultures were taken
from 24 to 72 hpi for RK-13 and Vero cell lines and an
170 additional sample at 96 hpi for BHK-21cells. The viral
titers were determined in quadruplicate using 50 µl of
sample by a statistical method (Reed and Muench
1938). The viral titers were expressed as the amount
of virus that produced a cytopathic effect in the 50% of
175 tissue cultures inoculated (TCID 50%/50 µl).
Immunostaining of caspases-3, -8 and -9 with
polyclonal antibodies
We used the samemethodology as described for morpho-
logical studies using AO/EB staining to detect activation
180 of caspases. Coverslips with each EAV infected cell cul-
ture were incubated with different caspase antibodies: IgG
goat polyclonal anti-caspase-3 (L-18), IgG goat polyclonal
anti-caspase-8 (P-18) and IgG goat polyclonal anti-cas-
pase-9 (P-10) (Santa Cruz Biotechnology) diluted 1:100 in
185 PBS. The coverslips were washed twice with PBS, then
incubated with the secondary antibody, IgG rabbit anti-
goat conjugated with peroxidase (Sigma Aldrich) diluted
1:500. Recognition of the secondary antibody was visua-
lized using amino ethyl carbazole (AEC) (Sigma Aldrich)
190and hydrogen peroxide. A solution of 3mgAEC dissolved
in 750 µl N,N-dimethylformamide was added to 14.25 ml
acetate buffer (21 ml 0.1 N acetic acid and 79 ml sodium
acetate 0.1 N) with 150 µl hydrogen peroxide. This solu-
tion was added to each coverslip for 3 min and the reac-
195tion was stopped by adding PBS. Each coverslip was
placed on a clean microscope slide and examined by
inverted microscopy (Model BHS; Olympus).
Results
Morphological signs of apoptosis in EAV infected
200cells using AO/EB staining
Cell shrinkage, nuclear condensation and membrane bleb-
bing were the most common features in the cell cultures at
24 hpi in RK-13 and Vero cells. By contrast, these features
began to appear consistently in BHK-21 at 48 hpi
205(Figure 1). At longer times post-infection, these features
were less visible owing to detachment of cells due to lysis of
infected cells. The orange labeling of EB characteristic of
late apoptosis was detected in EAV-infected and stauros-
porine-induced apoptosis cell culture (positive control).
Figure 1. Confocal images of RK-13, Vero and BHK-21 cells stained with AO/EB at 48 hpi. (-) Uninfected cells (negative control); (+)
staurosporine induced apoptotic cells (positive control); (EAV) EAV infected cells. Arrows indicate characteristic apoptotic bodies. 20 x
objective.
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210 We also detected some diffuse EB staining in the unin-
fected bhk-21 cell culture (negative control), but this was
staining artifact.
Apoptosis detection by flow cytometry
To confirm the morphological signs of apoptosis using
215 AO/EB staining, we analyzed all cell lines using flow
cytometry under different conditions. We found that
EAV induced apoptosis in RK-13 (Figure 2a), Vero
(Figure 2b) and BHK-21 cell lines (Figure 2c). In
Figure 2d, we show the percentage of apoptotic cells
220in each cell line at the different times assayed. We
found that the characteristic apoptotic pattern was
delayed in BHK-21 compared to the RK-13 and Vero
cell lines.
Figure 2.AQ2 a) Apoptosis detection by flow cytometry with dual annexin V-PI cell labeling. RK-13 cells were infected with EAV at MOI 5.
Uninfected culture and staurosporine induced apoptotic cells were used as negative and positive controls, respectively. Upper left
quadrant (Q1), necrotic cells; upper right quadrant (Q2), late apoptotic and/or necrotic cells; lower left quadrant (Q3), intact cells;
lower right quadrant (Q4) early apoptotic cells. The number in each quadrant refers to the percentage of cells in each subpopulation.
The figure is representative of 10,000 cells analyzed independently in two experiments. b) Apoptosis detection by flow cytometry
with dual annexin V-PI cell labeling Vero cells were infected with EAV at MOI 5. Uninfected culture and staurosporine induced
apoptotic cells were used as negative and positive controls, respectively. Upper left quadrant (Q1), necrotic cells; upper right
quadrant (Q2) late apoptotic and/or necrotic cells; lower left quadrant (Q3), intact cells; lower right quadrant (Q4), early apoptotic
cells. The number in each quadrant refers to the percentage of cells in each subpopulation. The figure is representative of 10,000
cells analyzed independently in two experiments. c) Apoptosis detection by flow cytometry with dual annexin V-PI cell labeling. BHK-
21 cells were infected with EAV at MOI 5. Uninfected culture and staurosporine induced apoptotic cells were used as negative and
positive controls, respectively. Upper left quadrant (Q1), necrotic cells; upper right quadrant (Q2), late apoptotic and/or necrotic cells;
lower left quadrant (Q3), intact cells and lower right quadrant; (Q4) early apoptotic cells. The number in each quadrant refers to the
percentage of cells in each subpopulation. The figure is representative of 10,000 cells analyzed independently in two experiments. d)
Percentage of apoptotic cells measured by flow cytometry vs. post infection time of each cell line.
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DNA fragmentation in EAV infected cell cultures
225 DNA fragmentation was detected in EAV infected cells
in all three cell lines. Evidence of fragmentation was
found at different post-infection times for each cell cul-
ture (Figure 3). For RK-13, the DNA ladder was detected
at 48 hpi, in Vero at 72 hpi and in BHK-21 cells at 96 hpi.
230 Uninfected cells showed no evidence of fragmentation at
the same assay times. Total cell lysis of the different EAV
infected cells at MOI 5 was observed at 72 h for RK13,
96 h for Vero and 120 h for BHK-21; therefore, these
times were not used for DNA extraction.
235 EAV quantification
Our quantification results are shown in Table 1.
Infections at MOI 5 in each cell line exhibited the
highest viral titer at 24 hpi: 104.5 TCID 50%/50 μl for
RK-13, 105.8 TCID 50%/50 μl for Vero and 106.5 TCID
240 50%/50 μl for BHK-21.
Detection of caspases-3, -8 and -9 in situ by
immunostaining
Activation of caspases was detected in each cell culture
monolayer incubated with specific antibodies using
245AEC as chromogen. In EAV infected cells, an intense
red staining indicated caspase-3 staining at 24 and
48 hpi in all three cell lines (Figure 4a). Red staining
also was detected in cells treated with staurosporine, a
potent inducer of apoptosis in cell cultures. No AEC
250chromogen was detected in the cultures of uninfected
cells. The same results were obtained using anti-cas-
pase-9 (Figure 4b).
The extrinsic apoptosis mechanism was measured
by activation of caspase-8 in each culture. Caspase-8
255was detected in RK-13 and Vero cells at 24 and
48 hpi, but not in BHK-21 cells at any of the times
assayed (24, 48, 72 and 96 hpi) (Figure 4c). The time
course of caspase-8 activation in BHK-21 cells is
shown in Figure 5.
Figure 2. (Continued).
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260 Discussion
Cell infection by a virus elicits cellular responses designed
to avoid the spread of viruses. Although earlier it had
been assumed that apoptosis was initiated due to the
response of the cell machinery to the infection, some
265 viruses, especially RNA viruses, have been found to par-
ticipate in initiation of this process (Thomson 2001).
EAV, a member of the Arteriviridae family, induces
apoptosis in infected cells (Archambault and St-Laurent
2000). Although this mechanism has not been studied
270in vivo, it is thought that initiation of apoptosis parti-
cipates in the pathogenesis in porarterivirus infections
(Archambault and St-Laurent 2000; Suarez 2000; Miller
and Fox 2004; Lee and Kleiboeker 2007).
Figure 2. (Continued).
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EAV infection has been studied in many cell lines
275 (Snijder and Meulenberg; 1998; Archambault and St-
Laurent 2000; Zhang et al. 2008; Cholleti et al. 2013).
Apoptosis caused by EAV infection has been studied
mainly in three cell lines: BHK-21, RK13 and Vero
cells; we also investigated these cell lines. Although
280EAV causes apoptosis in these three cell lines
(Archambault and St-Laurent 2000; St-Louis and
Archambault 2007; Cholleti et al. 2013; Metz et al.
2016), the distinctive kinetic parameters observed
among experiments could not be attributed with cer-
285tainty to either the cell line or to the EAV strain used.
We examined first the morphological changes in
apoptotic cells. For all three cell lines, we found mor-
phological changes in EAV infected cells that were
comparable to staurosporine induced apoptotic cells.
290Typical blebbing of apoptotic cells and the concomitant
appearance of apoptotic bodies were found in all cell
samples by contrast to uninfected culture cells. The
only difference among the cultured cells was that in
EAV infected BHK-21 cells, the morphological features
Figure 2. (Continued).
Figure 3. Agarose gel of DNA extracted from BHK-21, RK-13 and Vero cell lines infected with EAV using phenol/chloroform at
different hours post-infection. DNA ladder characteristic of the apoptosis process highlighted in circle.
Table 1. Viral titers of EAV in three cell lines at each post-infection
time.
Cell lines/hpi Virus titer (TCID 50%/50 µl)
BHK-21 24 hpi 106.5
BHK-21 48 hpi 106.4
BHK-21 72 hpi 106.5
BHK 21 96 hpi 104.2
RK-13 24 hpi 104.5
RK-13 48 hpi 104.5
RK-13 72 hpi 103.6
Vero 24 hpi 105.8
Vero 48 hpi 105.5
Vero 72 hpi 105.3
Titers were calculated using the Reed and Muench (1938) method.
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295 were found at 48 hpi, whereas in RK-13 and Vero cells,
the morphological features were found at 24 hpi.
Flow cytometry enabled us to obtain quantitative
results that are summarized in Figure 2d. The percen-
tage of apoptotic cells found in EAV infected RK-13
300 and Vero cells was similar to the percentage of apopto-
tic cells in staurosporine-induced cell cultures (positive
control) at all times assayed. By contrast, EAV infected
BHK-21 cells exhibited delayed induction of apoptosis
in both positive and negative controls, but the delay
305was more evident in EAV infected cells. Differences
between AO/EB staining and flow cytometry results
for BHK-21 were due to the different sensitivity of the
techniques.
Figure 4. a) Activation of caspase-3 analyzed in situ with polyclonal caspase-3 immunostaining in RK-13 Vero and BHK-21 cells. (-)
Uninfected cells (negative control); (+) staurosporine induced apoptotic cells (positive control); (EAV) EAV infected cells at 48 hpi.
Arrows indicate red precipitate that indicates caspase-3 recognition. 10 x. b) Activation of caspase-9 analyzed in situ in RK-13 Vero
and BHK-21 cells by caspase-9 immunostaining. (-), Uninfected cells (negative control); (+), staurosporine induced apoptotic cells
(positive control); (EAV), EAV infected cells at 48 hpi. Arrows indicate red precipitate that indicates caspase-9 recognition. 10 x
objective. c) Activation of caspase-8 analyzed in situ in RK-13 Vero and BHK-21 cells with caspase-8 immunostaining. (-) Uninfected
cells (negative control); (+) staurosporine induced apoptotic cells (positive control); (EAV), EAV infected cells at 48 hpi. Arrows
indicate red precipitate that indicate caspase-8 recognition. 10 x objective.
Figure 5. Time course of caspase-8 activation analyzed in situ in BHK-21 cells with polyclonal caspase-8 immunostaining from 48 to
96 h. (-), Uninfected BHK-21 cells (negative control); (+), staurosporine induced apoptotic BHK-21 cells (positive control); (EAV), EAV-
infected BHK- 21cells. Arrows indicate red precipitate that demonstrates polyclonal caspase-8 recognition. 10 x objective.
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BHK-21 infected with vesicular stomatitis virus also
310 exhibited delayed apoptosis induction compared to
HeLa infected cells (Kopecky and Lyles 2003). These
investigators suggested that BHK-21 infected cells may
require additional, specific gene expression to initiate
apoptosis in response to viruses in the cells. Induction
315 of apoptosis and the kinetics of DNA fragmentation
depends on the cell line used (Kwasnik et al. 2013).
We found that DNA fragmentation in infected cells
showed evidence of DNA laddering at 48 hpi in RK-
13, 72 hpi in Vero and 96 hpi in BHK-21 cells. Because
320 DNA fragmentation is characteristic of the late stages of
apoptosis, it is reasonable that once this occurs, the
cells must die. Therefore, at 72 hpi, RK-13 cells exhib-
ited a cytopathic effect and nearly all cells were
detached; BHK-21 exhibited little cytopathic effect at
325 96 hpi (data not shown). Therefore, the DNA fragmen-
tation that we observed is consistent with our other
methods for examining apoptosis, i.e., AO/EB staining
and flow cytometry, and with the appearance of cyto-
pathic effects in each cell line.
330 Pro-apoptotic viruses promote cell death to avoid an
inflammatory response in infected cells (Koyama et al.
2003); therefore, induction of apoptosis by viruses may
limit the time and cell machinery available for viral
replication. EAV titration in infected cells showed that
335 the highest viral titers were reached at 24 hpi in the
three cell lines evaluated. Viral titers then decreased
consistently with the detection of apoptosis in cells.
Consequently, we hypothesized that the apoptosis
blocked EAV replication, which would be consistent
340 with the viral titers found.
Apoptosis is a fundamental biological process that all
viruses must manipulate to their own benefit. EAV is a
small RNA virus that replicates rather rapidly. Therefore,
the kinetic difference between the rate of apoptosis and
345 that of virus replication could explain the EAV titers that
we found. The kinetics of apoptosis limits the time that
viruses can use for replication (Blaho 2004).
Consequently, the lower rate of apoptosis in BHK-21
cells could explain the higher EAV titers in this cell line.
350 Similarly, the lower EAV titers in RK-13 could be
explained by higher rates of apoptosis for these cells.
St-Louis and Archambault (2007) reported that UV
light-inactivated EAV was unable to induce apoptosis
in Vero cells. Therefore, EAV replication and apoptosis
355 could be a self-regulated process; this hypothesis is
controversial for the PRRSV model. Some have pro-
posed that apoptosis occurs only in bystander cells and
independent of PRRSV replication (Miller and Fox
2004), while others have proposed that apoptosis is
360 induced by PRRSV replication itself (Lee and
Kleiboeker 2007; Wang et al. 2015).
Caspases are among the best characterized biochem-
ical markers for apoptosis. Caspase-3 is the executioner
caspase in the apoptosis mechanism and caspases-8 and
365−9 are indicative of the extrinsic and intrinsic apoptosis
pathways, respectively. Activation of both apoptosis
pathways has been reported in Vero and RK13
cells with EAV infection (St-Louis and Archambault
2007; Metz et al. 2016) and only the intrinsic pathway
370has been reported in BHK-21 (Cholleti et al. 2013).
Activation of caspase-3 has been reported by all inves-
tigators in the three cell lines studied here.
We confirmed activation of caspase-3 and caspase-9
in the three cell lines assayed. On the other hand,
375caspase-8 (extrinsic apoptosis pathway) was detected
in only two cell lines and was not detected in BHK21
cells. Because caspase-8 was not detected in the cell
lines using EAV Bucyrus strain, we suggest that the
extrinsic apoptosis pathway is not crucial for the induc-
380tion of apoptosis in these cells.
Also, the absence of detection of extrinsic apoptosis in
BHK-21 cells could not be linked to the pathogenicity of
EAV strains, because Cholleti et al. (2013) reported the
same results using different pathogenic and nonpatho-
385genic EAV strains. Instead, we attribute the absence of
the extrinsic mechanism to the general delay of apoptosis
detection in BHK-21 infected cells.
Cell death by the intrinsic pathway of apoptosis is
caused by the release of cytochrome c from mitochon-
390dria into the cytosol and activation of caspase-9; this
cascade of reactions is regulated both positively and
negatively by several proteins. After an apoptotic sti-
mulus, Smac/DIABLO is released from the mitochon-
dria and neutralizes inhibitor apoptosis proteins (IAPs)
395to initiate apoptosis (Du et al. 2000). Because we
detected caspase-9 in all cell cultures, we assume the
concomitant activation of the intrinsic apoptosis path-
way. It would be interesting to analyze Smac/DIABLO
or anti-apoptotic protein balance to clarify this.
400We found morphological and biochemical features of
apoptosis in EAV infected cell lines that are used routinely
for investigation of EAV infections using the reference
pathogenic Bucyrus strain. Cell death occurred by extrinsic
mechanisms in EAV infected RK-13 and Vero cells, but
405not in BHK-21 cells. Detection of caspase-9 activation in
the three cell lines indicates activation of intrinsic mechan-
isms, although investigation of pro- and antiapoptotic pro-
tein balance is required for more conclusive results, EAV
replication and apoptosis could be a mutually regulated
410process, whereas infection with EAV induces and controls
the activation of apoptosis. The apoptotic mechanism
affects viral replication directly. Additional investigation
is required to determine the direct effect of EAV replication
on development of apoptosis.
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